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(54) MASK PATTERN CORRECTING METHOD, MASK MANUFACTURING METHOD, MASK, 
AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a mask pattern 
correcting method which can prevent a shift in a pattern 
position due to mask deformation due to gravity, and to 
provide a mask pattern manufacturing method and a 
mask. 

SOLUTION: The mask pattern correcting method and 
the mask manufacturing method include a process (ST3) 
which creates first position data showing a mark position 
when supporting a first thin film having a plurality of 
marks with its first surface as an upper surface, a 
process (ST5) which creates second position data 
showing a mark position when supporting the first thin 
film with its second surface as an upper surface, a 
process (ST6) which gains a transfer function changing 
the first position data to the second position data, and a 
process which corrects a mask pattern of a figure of a 
charged-particle penetrating portion formed on the 
second thin film by using the inverse function of a 
transfer function, and the mask manufactured by the 
methods. 
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& Lfct #©mrfE-7'-^©(4g^^-r c <t £<&mt? 
[0037] c^ircfcy. m^\zmm^-^^<?<D^ 



(7) 
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[0 0 3 8] *S£0J3<7>VX^/**->MlE;£&fe 
£lM£vx^g5t;^cJ;;fttf, 7X^/^->Wd: 

crajEt?*4fcto. vx^Sitx*§<Digfio£i»it-e£- 

dD|B»£RS-C#«fctf>. vx^@£^a*XGD*a£*< 
if U 7X^©*iytf|fil±t5c 
[0 0 3 9] 

V X * - >ffliE*;i £ cfc 1/ V X ^ Hit** £ ffl L NT 
[0 0 4 0] 7X^/^» >*ffIE;fr;££ LT. VX?/^ 

(Zcfc-6/<*->tt«o>j6<bs. eseaBia (kit, a 

»K&t«. ) Fax^^o B#B#a>**-ctttt 

( r j ] = ( x j , yj) (j 

*fc. **>^'J>yj* (rj } Iz»«-T4jS {Rj ) 

[Rj ) = (Xj . Yj ) ( j 

[0045] {rj ) f±B*i»a>«*T?a>^x^ 

XH=S*Sffofci:S. *-y->^U>yjfl[ (rj ] 
L/vX hlcHligl:g¥**i-5fiIt?Siott«tL^ CI CD 
eBBBBFttB%ttBM*a>B««^«:4ia)& 

[0 0 4 6] &4lMi* Oi/\-±0)l/yXhSffl^t 
Ox/\H:x7f>^'^LV ^ x/\— _tc7)x^^>^ 
ffiW<DfiS£ {Rj ] h-t&^ttV^&o CG>J8£\ 
&anBFIiB4MftBfMEa>|$B&. x^^>ya>ttB 

[0 0 4 7] £tTlc. Kft-r— $±<D/<$ — >fiB^e> 

fe^/N°^->a>l5l+{ig£ {r] = (x, y) £-t£ 0 

C0>/<* — >*<^x/\— ±T*HIB(C {R) (DfiiCg? 
*^X^fc^)C0VX^Jl-CCO{il { r J UlTCD^ST? 

[004 8] { r ] aftftO)&-6ti«lC*5L\T. { r ) © 
HI* { R } a>BBa>fc«»«rWftHBt LT««T?# 
£<t£fl«-£o {R) ©SgtD^StltSa 

•c**i:ifi«-r«i:. BBBir^*ai=ft«. 
3fcsC (5) -es^H^o 

[0 O 4 9] 
[&2] 



ir. eaUBBF0>aUIBF-1|cJ:U7X9a>Btt7— 9 

Tx^/<*->a>»B«tB (tflliif 

[O 0 4 1 ] 

B«MfB-?-* = F-1 (ISft^-^) ■ ■ • (1) 

[0 0 4 2] fiBBBFtt-BttlciiftttttttHB-Cli 

>?U>yjiii Irj] (j =1. 2, n) , 

B*B»a>B*-e*-y->^u>yiS (rj ] i=*t*r*jfi 
e { Rj j (j = 1, 2. - • - n) t?z>t. tern 

MB F 14*3* (2) -eSEBStl*. CC-e. {rj ] it 

*0 h;u r j t U {Rj ] I*** h;i/Rj £<> * 

[0 0 4 3] 

[B1] 









- R 2 


F 





[0 0 4 4] «-*>^U>yjiS {rj ) (Dffi«£, 

(3) ©«fc5i:Sit4. 
1 . 2. ■ • • n) ■ - ■ (3) 
©li^. «S (4) <D£5(::5£^f£o 
1, 2, ■ • • n) • - - (4) 

x=ZZa,jXV 

(5) 

M M-i 

y=I Zb,jXV 

[0050] zee* M(ijft(6i-r**aaa>»**»T? 
fsa>jA[r|], ir m ). • • -s*yiBu »et 

6 {R| ) . {R m )• ■ ■ ' ' <DB«l=*y*'J*-B* 

WLfc*<. jBf l t J «ar-itft < X ^7 >ifi««, 

[00 5 1 ] fc6LM£. VX<7 (4— fiSdlH 1 3 ic^f" £ 

*z#K SCALPELlc^t^M (L E. Ocola et a 
I..J. Vac. Sci. Technol. B 19, 2659 (2001)) ; ftlz 

5t (i) - (4) ) \z7r^^ixi^^5\z. esHBan 

[005 2] CCDi8&, >Z?is^ft<Dmt>mZlZ 

£z>mmmtz. mm»^Ttm^ m$L&&&zs&*: 



(8) 
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To 

r = T+Mx r ■ ■ ■ (6) 

0>ttKKfttag-r«cticj:y*3e-c#* o s (6) 

[0 0 5 3] SSMfcTJUayXAt LTI*. )3Lt0>* 

£a>ftttf=<fc y xB*fcl*YB(c¥frttB«l=ifttt"r* 

[0 0 5 4] SIT. fi«HBF*#ab4*ft|::olvc# 
BdBMW*. 

[0 0 5 5] B1 (a) (rg3$B8aa5Efflvx^±(OA 

m*fc««»ftBI=*oTJBWJS*i*. 11 (b) (ill 
1 (a) 0)7— * 1 <7)-o£te*L*:¥®lT*£>£ 0 
[0 0 5 6] *5SJfifl2©T?l4. Xf>y;t/7X^O«$ 
^tl)o X ^ > y;i/7X ^7 L (B9, 1 
o#k) **hu*o>£A-<?ttB-e*«. mJ^Lfc^;i 

fifcfft. J- >^l^>i:ft^Mt^)Ii (110 (e) as 

[0 0 5 7] 19 (c) ic^-rxa*T?f4Kaft*<« 
<. £5eLfc:7a-feXT?fc«. *fc. ISfflSSffl7- 

a«ffi$B<-e#4o B2iie3iBaa*3Effl"7x^a>^ 

[0 0 5 8] MLf:W8-2 0 3 8 1 7^«E 
®(DX*g7X^<7>ftg;7J;£-CMi. ^ iXlfiHRia 



l)o C(0J:5^(iSrtt(47X<7/N o ^->(c|S#-r4/c 

nasefflfc-r/^xastffl im^tm) a>2#t<D7x?£ 

[0 0 5 9] d £37X^7 CD S£ff>M4. SgcW 

-e«^&BBar-a**t*ci:A<»&*iT^« (#Jx 
(4 : S. P. Timoshenko and S.Woi 1 wsky-Kr ieger, 'The 
ory ofPlates and Shells' #*!) 0 ^-<7>i£l&Mf4. 1 
1 5l=3K-f «fc5ft-*X*(DMWiaft (7X^/<$— » 

[0 0 6 0] Ltztf^X. -BiE«ttJB$*fTlV x£ 
(2) irfBS-r 6^— x£flsfifcLT*5lfl4* 77 

O2tt0)7X^$ttBt4Mtfft<, 7X^fES<Dj9r 

»ttia-v>3x h*B'i«-e**o bu 

4>£B9« 7X<7/<*->Jatt<&7X^«itl4*iI£-f 
[00 6 1 ] EJLt<B£5lc. £I^MSi7X^7^ 

7b<±[S]^(7)^^) ^a>fi»*ai^-r 

4 0 ZOmfeiZlt* m?Ll£ I PRO (LEI CAS) v 

[0062] ccD££\ sTStau«i:ffi*i^i:**T* 
7x^^(^}#^-^>c<t^M^LLN 0 ctx(S. m^mtsm 

«(D7X^«»*SA««f * ^ ^ ^*4**i:it, n 

tfm-£Li\ *n*<^Rrffi«:it*. «?b!hui 
i4jts^s^^a« (sem) icts^— *«wi«tt* 

[oo6 3] ffiaass-cEsassis^-^ttiB* 

ttihLfca. 7X^7^- >®*<Tf6]£<tfc£«J:5l:: 
y»i+«. WiA-ll:i.yXhSS 

^x/N-l^UvXhClE^t^c ^-<D&. ^x/N— ± 

(DUvx h«cB***Lfc^r— &ttB*B3E+*. B«B 
£W=*yfl£d*ifc7— 9ttB&. Oi/n-107- 

[0064] *BSfiJ^Ba>7P — £H3i:ttftfco X 

^*V^1 (ST1) -Cli. 13 (a) (r^-T^^lC. 7 
X^7 1 1 JlCDU^X h 1 2|rm^fialJ^^T5o X^ 
3^2 (ST2) T*f4, 13 (b) iC^Vf «fc 
U>1 sizx^f^^mv E8aSiffl7-^ 1 4 
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znm-fZo *tvz?3 (st 3) t?i±. mmm&&& 

${£B0>ffl£*fr5 o S3 (b) 
[00 65] X^*>^4 ( S T 4 ) T?f£. S3 (c) iZ 

^x/n— ±<D\s*>x M::S3fe -Si&^frdo Xt^^s 

(ST5) "CM*. 03 (d) \Ztt^^o\Z^ OlA- 1 
5Jl0>U^X h 1 6fC&f:£*i*=V — $ 1 7<Dteg£$) 
S-f£o X^^ (ST 6) 7X^^7-^ii 

[0 0 6 6] g»IH»l=<fcft^X*/<*-:/(D« 

i> 0 stt7 s -*i*tiiiES*u a^«m«co^ 

*-7y H:MS*itK«iI«:A*S*i4, * 

ttmam?—* t Lxm^mmmwzxt\ 
[0067] mi? £m*t%&mmzAt\ Lfc»= 

[0O6 8] (^lfi£f&S2) **J6fl38S(i* 7X^O/\ 6 

*->s£±fS]££ Lfc«»-eo>v— ^tt««s»a*< 

[0 0 6 9] W8«I»DSEMt7-*ttiSae 

[00 7 0] >>^UXDl^l:J:l)x-y¥®[*] 
(D&mit 1 - 1 0 0 n m©*-y-t*fcy . **lSjE« 

ic^ij^-r^icii. H£ttft*<ffl;U£2 nmiftO)*ft(: 

Sl^efiiSS (LEICA LMS IPRO?) 

$ffl^^BA<fe4. S^t8JS®i«^S EMlc«fc£v— 

^ttWttMlttfflffifWSl* 1 0 - 1 O 0 n m(D^— ^-r* 

[00 7 1] IMItMM)?-»ttlillttRl41 

-COTX^ftflSS* "7 — ^<7)x - y e«-Ctt< . S£<it 

s (zig) ^e>#*>* 0 mis. u— tf— 



• ^Uyy*>3> ■ n-0 J P y-fi(DY P 2 0/2 1 

<D J T—$frt>* ^X^CDSyfflJgw (x, y) A<^#^^ 
4, 7X^fl)5y^*lll #3 (7) WUx-y 

[0 0 7 2] 
[S3] 



__h_ 3w 
v 2 dy 

[0 0 7 3] *fc % ±E<D*5I=#tt«l»*l!l3SI*-Cfll 
»*fcltM«tt>*tlll»Lfc**«HW^ 
U>H^e>, vx£±<D#jS^©X<i*#tf>6^£A<-t? 

£fto 

[0 0 7 4] XlfciMKl t'l*^>^U>0X7f>y*i 
[00 7 5] 7X^?(0^ >^L/>CX7f 

(criuvx ht«*LTis#. a*-a«*fT5o 
[0 0 7 6] *HJg^SS<7>^a— zmilzSttbtzo x 

(ST1) -C(4. B4 (a) |C^-r«t5lC. "7 

X^ l 1 ±(DL/yX h 1 2|c^fgl8iIj£fr5o Xf7 

^2 (ST 2) T?l±v «^«»®«SfflLxT. VX<7_t 

I*. 04 (a) T-«?-»aH*lT5i:#iHi:-efc*o 
[00 7 7] (ST3) B4 (b) (C 

^7 1 8 ^ff^/g-Tfto Xf7?4 (S T 4) TM4. 04 

(c) d^-T £5!^ 7^ 1 1 0)/<$ — >®£TfS)£ 
<t LT, OxA-±0)byX Hcgft ■ ««£fr?o X 

TVZf5 (ST5) B4 (d) [CTj^cfcdlC ^ 

x/\— 1 5±0bvX h 1 6|Cfe^^*vtc"7 — <7 1 7 CD 
eUll$tl)o X-t^^6 (ST 6) "Cli. 7X^7(D 

tf)fto 




[0078] (£tfei&S3) *nmj&mit* -?*o<d^ 

*->E£TlS]#£ LfcttB-Ctt-e— *tt«»6*a*< 
[007 9] 1 -Cli^ x/\~g®0)x *y >^ 

[0080] *S8Jfi^!8a>7P— *H5ic*^tf>fco * 

5^:71 (ST 1) TM*. 0 5 (a) Cl^-f £ 5 V 
7^2 ( S T 2 ) Tr 05 (b) J; 5 (C. > >^ 

u>i 3icx^^>^*^tlv mmm^smT— o i 9 

*^*-r*o X-r^3 (ST 3) 

ffll^TV — *(afi0>3H3£*fr5o ID 5 (b) £H«|C. 

[008 1 ] ^^^^4 (ST4) X\t. H5 (c) iZ 

1 5±(DbvX h 1 6l=8&£frlV ^£>&. 
UvXh16*8*t§o Xf*;?5 (ST5)TM£, 
H5 (d) |C^-rj;5(C. 1/yX h 1 6 (ID 5 (c) # 
BS) $7X^7<[:LT^ia-i 5(:x^f >^ffL\ 

[008 2] X-x?y^6 (ST6) Xi&. <t7x/\— Jltf> 
7-^2 0©figS«St-5c 05 (d) irfHj^llC. V 
X{7(7)/^^ — >S^±fS]§-^-r^o (ST 

[00 8 3] ±IB0)^P— "eii. 7X^A'^->iJ 

njfe^®2ti^«ic. «^«»nao>v— ^ttttia 

[0 0 8 4] (HSfeff2S4) *HS6ff^(Ccfctulf. 7X 
[008 5] 7X^OA^- >H0£-t[pJ#(CLT-7 — ^7 
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I*. 

[0 0 8 6] (HSSff2S5) *SlJ6»ttl=«fc*tli. 

[0 0 8 7] — >ffi*±lR]*£ L^ttiS"?!** Hj& 

2 1 £iaa-f & 0 

[0 0 8 8] — >ffi*TlS3*t Lfctt!BT?l*. 06 

icTF-rm®^^— ^ 2 2a>fifi£M£-r 4. saw*— 
ho ctib02o0f- ^*^e>eaBBaF /< 

If : S. P. Timoshenko and S. Woinowsky-Kr ieger, .' Th 
eory of Plates and Shells' 4MB) . "f \s%ft(D 

ftL^ttta-en c x - * ®.m.[z fritz-* ^omMtmMG) 

*^7Ls>(Dm£{Z&mTZ> (it (7) 4MR) o 

[0089] (HS6^s 6 ) se»a>(aa»iST?i*<c < . 

*rPg^f£}£ (F EM ; finite element method). ftS5 
Mfe (BEM ; boundary element method). (F 
DM ; finite difference method) ^CDgfcfUtf) ~> 5 U 

[0090] ccd^^. -^x^cD^^MbtprteaHy 

(Z^E^Hb-T^p pJB^T'fetLlf. /\*$->*DX 

[009 1 ] H7 (a) fccfct; (b) liLEEPLffl7 
X^CF EMv5aU-'>a>Sftof:gS0)-J!^ 
te CCDTX^Ii, S-fyfCDSOI^x/N-Cx^f 
>V£fTvT!&fiL£tl&i,0>t'*&o SOIvia- 

(H9#gB) (Oy'Ja^^x/N- lilS* 7 2 5/im, 
^a^ttlbKliJS* 5 0 0 n rru 1 J =3 >JHiJS£ 5 0 
Onmdrt^o 7X^I®W N bv'j3>'5iA-ti 



(11) 
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[009 2] i7 (a) fccfctf (b) it. 7X^$>> 
?U>±[S]£T*Bl*tc#© (H11 6 (a) 

XcSEft*lPJ* ztt*ia)t-r-6t. g}7 (a) (iz$4 
*|6]<&g*KB#fl)£^L. H7 (b) (ix-y¥®l*3r* 

[0 0 9 3] ^7 (a) (C^"TJ;5IC. zffi^[S]CD^ 

«*t?fcy . i 3^6»*l*i= Lfctfota#ii* 

H 7 (b) lc^-TJ:5l^. x-y^(Dt 

ttic*. ^**»^&a>a§«/£ it-eft <. ^x<73: 

[0094] H7 (a) (b) ^ £> £ «fc 5 

(c. ztft*ipja>«**£ x-y3pffirt(D«eiciiSia(=sE 

[0 0 9 5] H8I*. VX*(D3fcJ#fi«£S<bSl*fc<!: 

fclN£ m^^i) tOitft^tl), gittli. Ox 
MlcOi/ (t £ £ g*£{£*<# 
[00 9 6] c*Ll=J;4fc, v^^H5£a>ISS(wcfcyH. 

-So 

[0 0 9 7] — >ffl£±|S]££ LfcttffiT? 

*±rS]^^cLTv-<7^iS(D^;1IJ^^7L^. 

T A £ <h L «!B 1= o in r it is S ol is— is 3 > I c «t o T 
[0 0 9 8] (£liSft£jg7) *HS6ff^(c«t:tLli. 11 



[0 0 9 9] I10)77^t£iHa**^I. f 1 

a>«it^f*^ii-r^B2a)TX^^^S-r^o cot 

|g2(7)VX^(7>VX^/^^~>(DaiElC. 
[0 1 0 O] II 2(7) IC 1 (DVX^ <t(^4$(C. 

[-0 10 111U 7-^|5gMJ$^l3tt(?)7X^ 

§7X^t*I(ht^ ^-^li^ 
[0 10 2] ±E(D**Wa>jtJfi^ffifl>"7X^/<*— > 

izfci^Tt. K¥**il)/^->MfiJS0a^7X^ 

y*<Ri_tu «*M(=x/<-fx©#«y*<fii±-r*. 
Lo 1 03] *%wa>&mmo^*V'^— >^je* 

int. T^^«l*^Sa>Ktte*«***<t?**- 
[0104] *tc. **wa>sjfi^aia>vx^»jg*a 

«>. ^x^S£:?D-trxa>*§j£*<i§U vx*Sfia>* 

sy*<isub-r<&. *^07x{?/^- >*tjE*a* 

[0 1 O 5] 

-Tr^^o *^B^CD^X^Sit^;ilCcfctLli. /\^->fit 
g?gg(7)SLNVX^^SitT#^o *«£B^(D*7X^lC^ 
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^L. 01 (b) if?— ^<7>ffi*0-efc£ o 

[03] H3ri**M(Z)Sgft^ffi1 (C«*-7^^CD«a 

^;icD^p— t. #i«a>7*^KffiB£^-*"o . 
[B5] B5i***w<os«fe^ffi3(c«*vx^a>SiS 

*S0)7P- #Xg<&-7X£»rBB£*-ro 
[B6] B6tt**^<©SHfi^ai5lC«*-7X^a)»5t 

^afcicfei+ieaBSitaffiffl^^^oKffiB-cft*. 
[H7] B7tt*«wo>sis»iB6(c«*^^a>Ba 

B-e*y. (a) f±ztt*fiia>«*K (b) liz-y¥ 
[09] 09 (a) - (c) [£X-x>v;U-7X^tf>g}j£ 

[01 0] 01 0 (d) ~ (f ) fix^^fwu^rx^co 
K3txBflD-#lt*-rBT?fcy. 0 9 (c) lz«<iS 

[01 1] 01 1 (a) ~ (c) li^>^u>VX^7C0 
9 it X«<D - 00 £ 0 f? fe £ o 



[01 2] 01 2 (d) ~ (f ) lipt >^U>^X^(7> 

B3txB(D-«**-rB-e*y. 011 (c) l=«<x 

[0 1 3] 0 1 3(^X^>i/;U^X<7CD-^JS^-r¥c5 
0T?fc£o 

[014]01 4liB 1 3 CO— fflUD»«BT?fc4o 
[015101 5(£0 1 3*5-*r/B 1 4CD^ >3f L/>(D 

[0 1 6] 01 6 (a) li7X^/^->SlH(D7X 
**5F-TBT?fcy. 016 (b) l*B3fcB#0>7X*£^ 

[017101 7(*>>^u>o>S*JE^S:^-rB-e& 

1 -ffi«B5£SJ8V — 2-*. 3 --/>^L/>. 1 

12-UvXK 13->>?l/X 14 

k i7. 18-7-^ 1 

2 0-7- ^. .2 1 -giiH|7- ^ 2 2-KB«"7 — 
C 2 3-7-^, 1 0 1 —SO 1 «5iA- . 102- 
y'J =i >I£lbl^. 1 0 3 — v'J =! % 1 0 4- 
y'Ja>HbI. l0 5-v'Ja>I, 10 6»^>? 
U>. 1 0 7. 1 07 a— ft. 10 8-l/vXhs 10 
9—TL 1 1 O— XfVv;i/7X^, 1 1 1-vU3> 
Ox/\— . 112a. 112b-y'Ja>MI» 11 
3-^nAJI. 1 1 4-$>^Xf >1, 1 1 5-by 
X K 1 1 6-i, 1 17-^>^l/>, 118— j*> 
^Lx>VX^7. 12 1-7X^ 12 2->>?L/>, 

1 2 3-<R##Ko 




(b) 
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[03] 



[04] 





— ST1 
























~ST4 

















(a) • .12 



11 



(b) 



14 13 



(c) 



(d) 



17 



.16 





— -ST1 
























— ST4 

















(a) 



-ST2 



18 13 



-ST3 



(c) 



LXJ.A-11 



17 

Cd) I 



-ST5 



^16 
—15 



'ST6 



[05] 



[08] 





~ST1 








x^vycr-sratf) 
















ST4 








0 i / \— tD x v f- > ^ 












eais«<csm e 




(d) 



20 



11 
16 
—15 



15 



107 




10 20 30 40 50 
^ i / \— 4g*> Offitf [mm] 

[B 1 4] 



60 





106 





IBs a ejssfs «* r * 
r#3'i£i »:» a •» * V 



;a a SB »a s a a.is^ii^ 

a 8 a S3 S.8 8 83 SSiSRfe* 

« « ?i as ffisslaia a ^'^ill 
& ,. ^ *"i*flf«ia.HTs bb«H 

$: ii $ & £81!! BIB g SjggMg 
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[#l*aiES] 

imtHBl *Ffi£l 5$3fl4B (2003. 3. 4) 
l^mttiE 1 ] 

[MiE7J;i] 

7j;*^-7 x ? fejitf^aMtaacDBia^a 

[*KE*ttM(g«] ttfttS#<D38B 
[*iIE75;£] IES 



at. 

buses? i o>mm±iz-?-<? zftmr sigt. 




(17) 



[«#js 3 ] mam 1 ©»w±i= £^»?^f -sxf§ 

IftfEU-vX M=?^£mi!£^TliafE7-?£ffi®T 
£*lT&li#Jg2fiEm©7X^/N"S->*SIE7J;£ 0 

ttfB u s?x k=ssh * *itz co £ aanr -sis* 
is 2 ism© -7 ^ ? / ^ — tsffiiEysm o 

«**»rt-*X«tt. ffjSESg1©5$Hx©-7-?£, 19 
fEfgl ©3MI.t8§¥ff&¥®l::&f5L*:.t#©ffiiI£;9l 
5Tf £ l*§ £ ^-T -i> tt*a 2 f EK© -7 X 1 j - >MiE 

««3fmr*xstt. mean ©stig-t©-?— «r 
«frfES 1 a>^coi5*^rS](=fci+-5tirfE-7— ?ro<£ST? 
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